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Embodiments disclosed herein include operating the M-PHY
communications over peripheral component interconnect
(PCI)-based interfaces. Related cables, connectors, systems,
and methods are also disclosed. In particular, embodiments
disclosed herein take the M-PHY standard compliant signals
and direct them through a PCI compliant connector (and
optionally cable) so as to allow two M-PHY standard com-
pliant devices having PCI connectors to communicate.
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1
OPERATING M-PHY BASED
COMMUNICATIONS OVER PERIPHERAL
COMPONENT INTERCONNECT (PCI)-BASED
INTERFACES, AND RELATED CABLES,
CONNECTORS, SYSTEMS AND METHODS

BACKGROUND

1. Field of the Disclosure

The technology of the present disclosure relates generally
to communications interfaces used for communications
between electronic devices.

II. Background

Electronic devices have proliferated throughout society
supporting a wide range of applications and uses. As the
number and variety of devices expand, there is an increasing
need for electronic devices to communicate with one another.
In response to this need, various protocols have been pro-
posed and adopted. In many instances, the protocols define
signal levels, and associated data representations and timing
that are communicated between the electronic devices.
Examples of these protocols include wireless communica-
tions, such as the 802.11 standards set forth by the Institute of
Electrical and Electronics Engineers (IEEE) and BLUE-
TOOTH®. Wireless signal protocols may also specify fre-
quency and power levels. Others of these protocols are wire-
based. In the event that a protocol is wire-based, a
standardized physical connector may be required to effectu-
ate communications between the devices. Various physical
connectors, for example Registered Jack-11 (RJ-11), RJ-14,
RJ-21, RJ-45, and RJ-49, have been used successfully for
various purposes and protocols.

With the increase of mobile platform devices, and the
increased functionality in each of these devices, data rates
between peripherals have seen exponential growth. In this
regard, the Mobile Industry Processor Interface (MIPI®)
Alliance has recently proposed the M-PHY® physical layer
standard defining a data rate of 10 Kbps to 5.8 Gbps per lane.
The M-PHY standard is optimized for mobile applications,
such as cameras, displays for mobile terminals, smart phones,
and the like. However, while the M-PHY standard provides a
serial interface technology with high bandwidth capabilities,
the M-PHY specification deliberately avoids connector defi-
nitions and advocates for a permanent trace based connection
between devices. Permanent trace based connections elimi-
nate the flexibility of user desired connections.

SUMMARY OF THE DISCLOSURE

Embodiments disclosed herein include operating the
M-PHY communications over peripheral component inter-
connect (PCI)-based interfaces. Related cables, connectors,
systems, and methods are also disclosed. In particular,
embodiments disclosed herein take the M-PHY standard
compliant signals and direct them through a PCI-based com-
pliant connector (and optionally cable) so as to allow two
M-PHY standard compliant devices having PCl-based con-
nectors to communicate.

In this regard, in one exemplary embodiment, an electronic
device is configured to operate using the M-PHY standard.
The electronic device comprises a communications interface
having a plurality of data paths conforming to the M-PHY
standard and a PCl-based connector having a plurality of
pins. The plurality of pins of the PCI-based connector com-
prises a PETp pin electrically coupled to a M-PHY TXDP
data path of the communications interface, a PETn pin elec-
trically coupled to a M-PHY TXDN data path of the commu-
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nications interface. The plurality of pins of the PCI-based
connector also comprises a PERp pin electrically coupled to
a M-PHY RXDP data path of the communications interface.
The plurality of pins of the PCI-based connector also com-
prises a PERn pin electrically coupled to a M-PHY RXDN
data path of the communications interface.

In another embodiment, an electronic device configured to
operate using a M-PHY standard is provided. The electronic
device comprises a means for interfacing the electronic
device to another device, the interfacing means having a
plurality of data paths conforming to the M-PHY standard.
The electronic device also comprises a PCI-based connecting
means for connecting the interfacing means to another
device, the PCI-based connecting means having a plurality of
pins. The plurality of pins of the PCI-based connecting means
comprises a PETp pin electrically coupled to a M-PHY
TXDP data path of the communications interface, a PETn pin
electrically coupled to a M-PHY TXDN data path of the
communications interface. The plurality of pins of the PCI-
based connecting means also comprises a PERp pin electri-
cally coupled to a M-PHY RXDP data path of the communi-
cations interface. The plurality of pins of the PCl-based
connecting means also comprises a PERn pin electrically
coupled to a M-PHY RXDN data path of the communications
interface.

In another embodiment, a method of connecting an elec-
tronic device configured to operate using the M-PHY stan-
dard to a second device, is provided. The method comprises
providing a plurality of data paths conforming to the M-PHY
standard and providing a PCI-based connector having a plu-
rality of pins. The method also comprises electrically cou-
pling a PETp pin to a M-PHY TXDP data path and electri-
cally coupling a PETn pinto a M-PHY TXDN data path. The
method also comprises electrically coupling a PERp pin to a
M-PHY RXDP data path and electrically coupling a PERn
pin to a M-PHY RXDN data path.

In another embodiment, an electronic device configured to
operate using a M-PHY standard is provided. The device
comprises a communications interface having a plurality of
data paths conforming to the M-PHY standard. The electronic
device also comprises a PCI-based connector having at least
four pins. The PCI-based connector comprises a first two pins
configured to couple electrically to a M-PHY transmission
data path of the communications interface and a second two
pins configured to couple electrically to a M-PHY receive
data path of the communications interface.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1A is a block diagram of an exemplary conventional
direct mated Peripheral Component Interconnect (PCI) con-
nection between a host and other device;

FIG. 1B is a block diagram of an exemplary conventional
cable mated PCI connection between a host and other device;

FIG. 1Cis a perspective view of a conventional PCI socket
and card;

FIG. 1D is a perspective view of a variety of conventional
PCI sockets;

FIG. 1E is a top plan view of a conventional PCI ribbon
cable;

FIG. 2 is a table illustrating an exemplary mapping of PCI
pins of a PCI connector to a M-PHY data path for a M-PHY
standard;

FIG. 3 is a block diagram of a conventional M-PHY single
lane signal path layout for connection of M-PHY standard
compliant electronic devices;
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FIG. 4 is a flowchart illustrating an exemplary process for
mapping PCI pins of a PCI connector to M-PHY standard
data paths;

FIG. 5 illustrates an exemplary embodiment of a particular
configuration of a mapping of PCI pins of a PCI connector to
M-PHY standard signals;

FIG. 6 is a block diagram of an exemplary Peripheral
Component Interconnect Express (PCle) direct connection
repurposed for using M-PHY standard signals;

FIG. 7 is a block diagram of a PCle cabled connection
repurposed for using M-PHY standard signals; and

FIG. 8 is a block diagram of exemplary processor-based
electronic devices and systems, any of which can include a
PCI connector having PCI pins mapped to M-PHY standard
data paths according to the embodiments disclosed herein.

DETAILED DESCRIPTION

With reference now to the drawing figures, several exem-
plary embodiments of the present disclosure are described.
The word “exemplary” is used herein to mean “serving as an
example, instance, or illustration.” Any embodiment
described herein as “exemplary” is not necessarily to be con-
strued as preferred or advantageous over other embodiments.

Embodiments disclosed herein include operating the
M-PHY communications over Peripheral Component Inter-
connect (PCI)-based interfaces. Related cables, connectors,
systems, and methods are also disclosed. In particular,
embodiments disclosed herein take the M-PHY standard
compliant signals and direct them through a PCI-based com-
pliant connector (and optionally cable) so as to allow two
M-PHY standard compliant devices having PCl-based con-
nectors to communicate.

The Mobile Industry Processor Interface (MIPI®) Alliance
has proposed the M-PHY standard, which is a physical layer
protocol detailing how devices communicate with one
another. However, the MIPI® Alliance has to date, not
defined or constrained the M-PHY standard to a particular
connector type that complies with the standard, leaving the
design of the physical connectors to the entities deploying
products in this space. While it is possible to design such a
physical connector without reference to any existing connec-
tor type, an existing connector is adapted herein to satisfy the
signal integrity and other requirements of the MIPI® Alliance
M-PHY standard, namely the PCI-based connector currently
used for PCI-based protocol compliant devices. As a non-
limiting example, the PCI-based connector that is adapted to
be used for the MIPI® Alliance M-PHY standard can be a PCI
express (PCle) connector.

PClis anindustry standard introduced in the early 1990s by
Intel’s Architecture Development Lab. PCI 3.0 was subse-
quently introduced in 2002. PCle was designed to replace the
older PCI-based standards. Initially introduced in 2003, vari-
ous iterations of the standard have been published with PCle
3.0 made available in November 2010. On Nov. 29, 2011,
PCle 4.0 was announced with an expected release date in
2014 or 2015. The PCle standard defines PHY's with trans-
mission speeds of 2.5 Gbit/s for PCle v1.x, 5.0 Gbit/s for PCle
v2.X, and up to 8.0 Gbit/s for PCle v3.0. More information on
the conventional PCI 3.0 standard and connectors can be
found at www.pcisig.com/specifications/ and particularly at
www.pcisig.com/specifications/pciexpress/, the contents of
which are hereby incorporated herein by reference in their
entireties. Before discussing the embodiments of adapting the
PCI connector to the M-PHY standard, PCI connectors are
first discussed with regard to FIGS. 1A-1E.
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In this regard, FIG. 1A is an exemplary block diagram of a
conventional PCI connection 10. In this exemplary embodi-
ment, the PCI connection 10 is PCle 3.0 compliant and
includes a system board (sometimes referred to herein as an
upstream subsystem) 12 and an add-in card (sometimes
referred to as a downstream subsystem) 14. The add-in card
14 is directly plugged into the system board 12 through a
mated connector 16. The system board 12 includes a trans-
mitter 18, filtering capacitors 20, and a receiver 22. The
add-in card 14 similarly has a receiver 24, a transmitter 26,
and filtering capacitors 28. Following the published PCI pro-
tocol, the system board transmitter sends PETp and PETn
signals to the add-in card 14, which treats the incoming sig-
nals as PERp and PERn signals respectively. Similarly, the
add-in card transmitter 18 sends PETp and PETn signals to
the system board 12, which treats the incoming signals as
PERp and PERn signals respectively. A non-limiting example
of this arrangement might be a video card (add-in card 14)
inserted into a PCI port on a computer mother board (system
board 12).

FIG. 1B illustrates a PCI connection 10A similar to the PCI
connection 10 in FIG. 1A. However, instead of the mated
connector 16, the system board 12 may include a connector
16A, and the add-in card 14 includes a connector 16B with a
cable 30 extending therebetween. It should be appreciated
that connector 16 A may be a mated connection, with a con-
nector on the system board 12 and a connector on the cable 30
and the connector 16B may similarly be a mated connection,
with a connector on the add-in card 14 and a connector on the
cable 30. A non-limiting example of this arrangement might
be a hard drive (downstream subsystem 14) being plugged
into a computer mother board (system board 12) through a
PCl cable (cable 30). While not illustrated, another possibility
does exist. That other possibility is a cable with a connector at
one end and “hard wired” to the device at the other end.

FIG. 1Cis a perspective view of an exemplary conventional
mating socket 32 and add-in card 14 with plug 34 that are
compliant with PCI 3.0. In particular, the socket 32 includes
up to eighty-two (82) conductive elements, each of which has
a purpose defined by the PCI standard and which mate with
corresponding conductive elements on the add-in card 14.
When the add-in card 14 is inserted into the socket 32, the
mated connector 16 of FIG. 1A is formed. As defined by the
PCI standard, the names and uses of the pins are summarized
in TABLE 1 set forth below.

TABLE 1
Conventional PCI Standard-A Connector Pin Assignment and Mating
Sequence
Pin Side B Side A Comments
1 +12V PRSNT1# Pulled low to indicate card
inserted
2 +12V +12V
3 412V +12V
4 Ground Ground
5 SMCLK TCK SMBus and JTAG port pins
6 SMDAT TDI
7 Ground TDO
8 +33V T™S
9 TRST# +3.3V
10 433V aux +3.3V Standby power
11 Wake# PWRGD Link reactivation, power good
Key Notch
12 Reserved Ground
13 Ground REFCLK+  Reference clock differential pair
14 HSOp(0) REFCLK-  Lane O transmit data + and —
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TABLE 1-continued

Conventional PCI Standard-A Connector Pin Assignment and Mating

Sequence

Pin Side B Side A Comments
15 HSOn(0) Ground
16 Ground HSIp(0) Lane O receive data + and —
17 PRSNT2# HSIn(0)
18 Ground Ground

End x1 connector
19 HSOp(1) Reserved Lane 1 transmit data + and —
20 HSOn(1l) Ground
21 Ground HSIp(1) Lane 1 receive data + and —
22 Ground HSIn(1)
23 HSOp(2) Ground Lane 2 transmit data + and —
24 HSOn(2) Ground
25 Ground HSIp(2) Lane 2 receive data + and —
26 Ground HSIn(2)
27 HSOp(3) Ground Lane 3 transmit data + and —
28 HSOn(3) Ground
29 Ground HSIp(3) Lane 3 receive data + and —
30 Reserved HSIn(3)
31 PRSNT2# Ground
32 Ground Reserved

End x4 connector
33 HSOp(4) Reserved Lane 4 transmit data + and —
34 HSOn(4) Ground
35 Ground HSIp(4) Lane 4 receive data + and —
36 Ground HSIn(4)
37 HSOp(5) Ground Lane 5 transmit data + and —
38 HSOn(5) Ground
39  Ground HSIp(5) Lane 5 receive data + and —
40  Ground HSIn(5)
41 HSOp(6) Ground Lane 6 transmit data + and —
42 HSOn(6) Ground
43 Ground HSIp(6) Lane 6 receive data + and —
44 Ground HSIn(6)
45 HSOp(7) Ground Lane 7 transmit data + and —
46 HSOn(7) Ground
47 Ground HSIp(7) Lane 7 receive data + and —
48 PRSNT2# HSIn(7)
49  Ground Ground

End x8 connector
50 HSOp(8) Reserved Lane 8 transmit data + and —
51 HSOn(8) Ground
52 Ground HSIp(8) Lane 8 receive data + and —
53  Ground HSIn(8)
54 HSOp(9) Ground Lane 9 transmit data + and —
55 HSOn(9) Ground
56 Ground HSIp(9) Lane 9 receive data + and —
57 Ground HSIn(9)
58 HSOp(10) Ground Lane 10 transmit data + and —
59 HSOn(10) Ground
60 Ground HSIp(10) Lane 10 receive data + and —
61 Ground HSIn(10)
62 HSOp(11) Ground Lane 11 transmit data + and —
63 HSOn(11) Ground
64 Ground HSIp(11) Lane 11 receive data + and —
65 Ground HSIn(11)
66 HSOp(12) Ground Lane 12 transmit data + and —
67 HSOn(12) Ground
68 Ground HSIp(12) Lane 12 receive data + and —
69 Ground HSIn(12)
70 HSOp(13) Ground Lane 13 transmit data + and —
71 HSOn(13) Ground
72 Ground HSIp(13) Lane 13 receive data + and —
73  Ground HSIn(13)
74 HSOp(14) Ground Lane 14 transmit data + and —
75 HSOn(14) Ground
76 Ground HSIp(14) Lane 14 receive data + and —
77 Ground HSIn(14)
78 HSOp(15) Ground Lane 15 transmit data + and —
79 HSOn(15) Ground
80 Ground HSIp(15) Lane 15 receive data + and —
81 PRSNT2# HSIn(15)
82 Reserved Ground
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Because the PCI standard is several years old, the industry
has had time to develop a standardized plug 34 and connector
or socket 32, which are illustrated in FIG. 1C. There are
numerous manufacturers capable of manufacturing PCI com-
pliant connectors according to the well-established form fac-
tor. Likewise, stress and bend tolerances and other fatigue
related tolerances and the like are well understood by those
who use such connectors. Many specific definitions and
requirements are set forth in the PCI specification, and the
industry has acclimated to meeting these definitions and
requirements. While the present disclosure focuses on PCle,
it should be appreciated that the concepts of the present dis-
closure may be adapted to conform to other PCI standards
without departing from the inventive concepts of the present
disclosure. Likewise, even within PCle, different versions of
PCle (e.g., PCle 1x, PCle 4x, PCle 8%, and PCle 16x are all
supported). For example, as illustrated in FIG. 1D, a variety of
sockets 32A-32D are illustrated as being adapted for use with
the present disclosure. Socket 32A is a PCle 1x socket; socket
32B is a PCI 3.0 socket; socket 32C is a PCle 16x socket; and
socket 32D is a PCI-x socket.

FIG. 1E illustrates a conventional PCle ribbon cable 30 that
includes a socket end 36 and a plug end 38, which when mated
with corresponding plugs and sockets results in mated con-
nections 16A and 16B.

The present disclosure takes advantage of the familiarity
with which industry treats the PCI-based connectors and par-
ticularly with sockets 32 (and corresponding plugs) and pro-
poses repurposing such connectors for use with M-PHY stan-
dard compliant devices. In particular, use of the existing
PCl-based connector in an M-PHY standard compliant
device allows all the expertise and familiarity the industry has
with the PCI connector to be leveraged into ready acceptance
of'its use with M-PHY standard compliant devices. The well-
developed manufacturing base allows for ease in securing the
connectors for incorporation into M-PHY standard compliant
devices. That is, there will be little or no delay in securing an
acceptable manufacturer of connectors for ready inclusion in
M-PHY standard compliant devices and the competition
between existing manufacturers means that the cost of the
individual connectors will likely be reasonable. Similarly,
because PCl-based connectors (in their various permutations)
are currently made in high volumes, there may be reductions
in cost because of appropriate economies of scale.

With reference to FIG. 2, the chart 40 illustrates the map-
ping of the M-PHY standard compliant pin names to the
corresponding PCI 3.0 signal. In particular, FIG. 2 illustrates
in the column labeled PCle PIN name, that pins PETp, PETn,
PERp, and PERn are repurposed from their respective PCI
signal use to a corresponding M-PHY signal use. Thus, in
embodiments of the present disclosure, the PETp pin, which
was used as part of the transmitter differential pair is used for
the TXDP signal; the PETn pin is used for the TXDN signal;
the PERp pin is used for the RXDP signal; and the PERn pin
is used for the RXDN signal. In both the PCI standard and the
usage proposed herein, the pins are used for a receiver differ-
ential pair and transmitter differential pair as noted. While the
mapping of FIG. 2 only discusses a single TX lane and a
single RX lane, multiple lanes can be used by replicating the
configuration up to the number of differential transmission
pairs present in the PCle connector.

An exemplary conventional M-PHY signal path layout 42
with pin requirements is provided with reference to FIG. 3.
That is, a first electronic device 44 is connected to a second
electronic device 46. The first electronic device 44 can
include a control system or processor (discussed below in
regard to FIG. 8), which may, through appropriate device
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drivers, control the signal lanes 48A, 48B of a communica-
tions interface (sometimes referred to herein as a means for
interfacing) according to the M-PHY standard. The signal
lane 48 A is the lane through which the first electronic device
44 transmits data to the second electronic device 46 through
the TXDP and TXDN pins 50A, 50B to RXDP and RXDN
pins 52A, 52B. Likewise, the second electronic device 46
transmits data to the first electronic device 44 through the
TXDP and TXDN pins 54A, 54B to RXDP and RXDN pins
56A, 56B. Each electronic device 44, 46 has its own respec-
tive transmitter M-TX 58A, 60B and receiver M-RX 60A,
58B controlled by respective lane management module 62A,
62B. The lane management modules 62A, 62B may be hard-
ware or software or a mix of the two as desired and may
communicate with the control system via links 70A, 70B. The
pins 50A, 50B, 56 A, 56B may be in a single M-Port 64, and
the pins 52A, 52B, 54 A, 54B by virtue of their presence on a
second, different device are defined to be in a second M-Port
66.

With continuing reference to FIG. 3, the lane management
module 62A may communicate with the transmitter 58A
through a peripheral interchange format (PIF) link 68A and
with the receiver 60A through a PIF link 68B. Likewise, the
lane management module 62B may communicate with the
receiver 58B through a PIF link 68C and the transmitter 60B
through a PIF link 68D. The lane management modules 62A,
62B, the links 70A, 70B, the transmitters 58 A, 60B, receivers
58B, 60A, and PIF links 68A-68D are set forth in the M-PHY
standard, and the interested reader is directed thereto for more
information regarding these elements. As illustrated, the first
electronic device 44 is directly connected to the second elec-
tronic device 46. While not explicitly illustrated, it should be
appreciated that the direct connection could be replaced by a
connector, cable, or combination. Again, the signals and lane
management elements are defined by the M-PHY standard,
but the arrangement of the pins and any connectors is left
undefined. However, as noted with reference to FIG. 2, a
PCl-based connector or socket 32 may be repurposed by
mapping the PETp, PETn, PERp, and PERn pins to the
TXDP, TXDN, RXDP, and RXDN signals respectively with-
out requiring any physical changes to the connector or socket
32. In this regard, the connector or socket 32 may sometimes
be referred to herein as a means for connecting.

Turning to FIG. 4, a flow chart is provided illustrating a
method of connecting a first electronic device (such as elec-
tronic device 44 in FIG. 4), configured to operating using a
M-PHY standard to a second electronic device (such as elec-
tronic device 46 in FIG. 4), through a mated connection, a
cable with mated connectors or the like. Initially, the method
provides an electronic device (block 100) and forms a plural-
ity of data paths in the electronic device, wherein each path
conforms to M-PHY standard (block 102). The method pro-
vides a PCI-based connector (e.g., a plug or a socket) having
a plurality of pins to the electronic device (block 104). In an
exemplary embodiment, the PCl-based connector is a PCI
plug that conforms to the PCle 3.0 described above, with
reference to FIG. 1C and TABLE 1. In alternate embodi-
ments, other PCI standards may be used without departing
from the teachings of the present disclosure.

With continuing reference to FIG. 4, the method also pro-
vides that the pins in the connector are electrically coupled to
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the data paths (block 106). In an exemplary embodiment, the
pins are mapped by electrically coupling a first transmit pin
(e.g., the PETp) to a M-PHY TXDP data path, electrically
coupling a second transmit pin (e.g., the PETn) to a M-PHY
TXDN data path, electrically coupling a first receive pin (e.g.,
the PERp) to a M-PHY RXDP data path, and electrically
coupling a second receive pin (e.g., PERn) to a M-PHY
RXDN data path.

With continuing reference to FIG. 4, and with the data
paths connected to the respective pins in the connector 32, the
electronic device may be connected to a second electronic
device (e.g., second device 46) (block 108). During connec-
tion or shortly thereafter, the control system associated with
the connector may perform insertion detection (block 110)
and/or provide power (block 112) to the second electronic
device 46.

Using the PCI connector plug or socket 32 allows for
insertion detection and provides the ability to supply power to
the second electronic device 46. Insertion detection allows the
first electronic device 44 to know when it is acceptable to send
data or listen for data from the second electronic device 46.
Likewise, the second electronic device 46 should detect that
the first electronic device 44 has been connected. Other
advantages may also be realized through insertion detection,
and the present disclosure is not so limited. Likewise, provid-
ing power to the second electronic device 46 allows the
designers to avoid having to provide a power cord or alternate
power source for the second electronic device. There are a
number of possible configurations which would allow this to
happen. Three exemplary configurations using PCI connec-
tors (plugs, receptacles and/or cables) are illustrated in FIGS.
5-7.

In this regard, with reference to FIG. 5, the first electronic
device 44 is considered the system board or upstream sub-
system and the second electronic device 46 is considered the
add-in card or downstream subsystem. Note that while PCI
defines a system board and an add-in card (referred to herein
sometimes as the upstream subsystem and the downstream
subsystem), M-PHY does not make this distinction, although
the distinction is preserved in the present disclosure to facili-
tate the explanation. In the upstream subsystem 44, pins 1-3,
which in the PCle 3.0 standard are designated to provide a
twelve (12) volt power signal, may optionally provide the
same function if needed. Pin 4 continues to provide a ground
signal. Pins 5 and 6 are optional, but can provide a clock
signal as set forth in the PCle standard. Pin 7 provides a
ground signal. Pins 8-11 may optionally continue to provide
auxiliary power as well as a wake signal. Pin 12 remains
reserved. Pin 13 remains a ground signal. Pins 14 and 15 are
repurposed from being the PETp0 and PETn0 to the TXDP,
lane 0, and TXDN lane 0, respectively. Thus, pins 14 and 15
remain used for the transmitter differential pair, lane 0. Pins
16 and 18 remain connected to ground and pin 17 is an
optional pin. Thus, pins 14 and 15 are used for the data lanes
of the M-PHY standard.

With continuing reference to FIG. 5, in the downstream
subsystem 46, pins 1-3 are optional. Pin 4 remains a ground
(GND) pin. Pins 5-11 are optional and may be used according
to the PCle standard or other purpose as desired. Pin 12
remains a ground pin. Pins 13 and 14 are optional. Pin 15
remains a ground (GND) pin. Pins 16 and 17 are repurposed
to carry the RXDP and RXDN signals respectively. Pin 18
remains a ground pin. Because the PCle standard has built in
pins for power provision and insertion detection, these func-
tions may be reused if desired.

With this arrangement, power may be provided in various
levels. Specifically, 12V power may be provided using pins 1,
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2, and 3 on side B and pins 2 and 3 on side A. Likewise, 3.3V
power may be provided using pin 8 on side B and pins 9 and
10 on side A. 3.3V power may be provided using pin 10 on
side B. Likewise, insertion can be supported using pin 1 on
side A and pins 17, 31, 48, and 81 on side B (see TABLE 2
below). A shared clock may be made available, supporting
M-PHY Type II. The shared clock could be provided using
one or both of pins 13 and 14 on side A.

10

FIG. 5 illustrates an x1 connector 80 under the PCle stan-
dard. The x1 appellation refers to a length of the connector
and how many data lanes it supports (i.e., lane 0 equals 1
lane). TABLE 2, set forth below, provides a full set of pin
reassignments through an x16 connector (x8 supports 8 data
lanes 0-7 and x16 supports 16 data lanes 0-15 as set forth in
full detail below).

TABLE 2

Exemplary PCle-M-PHY Mapping for Various Sized Connectors

Connector Side B - Upstream subsystem

Connector Side A - downstream subsystem

PCle M-PHY Usage M-PHY Usage
Pin PCle PCIe (at “System PCIe PCle Pin (at “System
Num Pin Name Pin Description Board”) Pin Name Description Board”)
1 +12Vv 12 V power Optional PRSNTI1# Hot-Plug presence  Optional
detect
2 412V 12 V power +12V 12 V power
3 412V 12 V power +12V 12 V power
4 GND Ground Ground GND Ground Ground
5 SMCLK  SMBus clock Optional JTAG2 TCK Optional
6 SMDAT  SMBus data JTAG3 TDI
7 GND Ground Ground JTAG4 TDO
8 +3.3V 3.3V power Optional JTAGS T™S
9 JTAGI TRST# +3.3V 3.3V power
10 3.3Vaux 3.3V auxiliary power +3.3V 3.3V power
11 WAKE#  Signal for Link PERST#  Fundamental reset
reactivation
Mechanical key
12 RSVD Reserved Reserved GND Ground Ground
13 GND Ground Ground REFCLK+ Reference clock Optional
14 PETpO Transmitter differential TXDP, Lane 0 REFCLK- (differential pair)
15 PETn0 pair, Lane O TXDN, Lane 0 GND Ground Ground
16 GND Ground Ground PERpO Receiver differential RXDP, Lane 0
17 PRSNT2# Hot-Plug presence Optional PERnO pair, Lane 0 RXDN, Lane 0
detect
18 GND Ground Ground GND Ground Ground
End of the x1 connector
19 PETpl Transmitter differential TXDP, Lane 1 RSVD Reserved Reserved
20 PETnl pair, Lane 1 TXDN, Lane 1 GND Ground Ground
21 GND Ground Ground PERpl Receiver differential RXDP, Lane 1
22 GND Ground Ground PERn1 pair, Lane 1 RXDN, Lane 1
23 PETp2 Transmitter differential TXDP, Lane 2 GND Ground Ground
24 PETn2 pair, Lane 2 TXDN, Lane 2 GND Ground Ground
25 GND Ground Ground PERp2 Receiver differential RXDP, Lane 2
26 GND Ground Ground PERn2 pair, Lane 2 RXDN, Lane 2
27 PETp3 Transmitter differential TXDP, Lane 3 GND Ground Ground
28 PETn3 pair, Lane 3 TXDN, Lane 3 GND Ground Ground
29 GND Ground Ground PERp3 Receiver differential RXDP, Lane 3
30 RSVD Reserved Reserved PERn3 pair, Lane 3 RXDN, Lane 3
31 PRSNT2# Hot-Plug presence Optional GND Ground Ground
detect
32 GND Ground Ground RSVD Reserved Reserved
End of the x4 connector
33 PETp4 Transmitter differential TXDP, Lane 4 RSVD Reserved Reserved
34 PETn4 pair, Lane 4 TXDN, Lane 4 GND Ground Ground
35 GND Ground Ground PERp4 Receiver differential RXDP, Lane 4
36 GND Ground Ground PERn4 pair, Lane 4 RXDN, Lane 4
37 PETpS Transmitter differential TXDP, Lane 5 GND Ground Ground
38 PETn5 pair, Lane 5 TXDN, Lane 5 GND Ground Ground
39 GND Ground Ground PERpS Receiver differential RXDP, Lane 5
40 GND Ground Ground PERn> pair, Lane 5 RXDN, Lane 5
41 PETp6 Transmitter differential TXDP, Lane 6 GND Ground Ground
42 PETn6 pair, Lane 6 TXDN, Lane 6 GND Ground Ground
43 GND Ground Ground PERp6 Receiver differential RXDP, Lane 6
44 GND Ground Ground PERn6 pair, Lane 6 RXDN, Lane 6
45 PETp7 Transmitter differential TXDP, Lane 7 GND Ground Ground
46 PETn7 pair, Lane 7 TXDN, Lane 7 GND Ground Ground
47 GND Ground Ground PERp7 Receiver differential RXDP, Lane 7
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Exemplary PCle-M-PHY Mapping for Various Sized Connectors

Connector Side B - Upstream subsystem

Connector Side A - downstream subsystem

PCle M-PHY Usage M-PHY Usage
Pin PCle PCle (at “System PCIe PCle Pin (at “System
Num Pin Name Pin Description Board”) Pin Name Description Board”)
48 PRSNT2# Hot-Plug presence Optional PERn7 pair, Lane 7 RXDN, Lane 7
detect
49 GND Ground Ground GND Ground Ground
End of the x8 connector
50 PETpR Transmitter differential TXDP, Lane 8 RSVD Reserved Reserved
51 PETn8 pair, Lane 8 TXDN, Lane 8 GND Ground Ground
52 GND Ground Ground PERp8 Receiver differential RXDP, Lane 8
53 GND Ground Ground PERn8 pair, Lane 8 RXDN, Lane 8
54 PETp9 Transmitter differential TXDP, Lane 9 GND Ground Ground
55 PETn9 pair, Lane 9 TXDN, Lane 9 GND Ground Ground
56 GND Ground Ground PERp9 Receiver differential RXDP, Lane 9
57 GND Ground Ground PERn9 pair, Lane 9 RXDN, Lane 9
58 PETpl0 Transmitter differential TXDP, Lane 10 GND Ground Ground
59 PETn10 pair, Lane 10 TXDN, Lane 10  GND Ground Ground
60 GND Ground Ground PERp10  Receiver differential RXDP, Lane 10
61 GND Ground Ground PERnl0  pair, Lane 10 RXDN, Lane 10
62 PETpll Transmitter differential TXDP, Lane 11 GND Ground Ground
63 PETnll pair, Lane 11 TXDN, Lane 11 ~ GND Ground Ground
64 GND Ground Ground PERpll Receiver differential RXDP, Lane 11
65 GND Ground Ground PERnl11 pair, Lane 11 RXDN, Lane 11
66 PETpl2 Transmitter differential TXDP, Lane 12 GND Ground Ground
67 PETnl12 pair, Lane 12 TXDN, Lane 12 GND Ground Ground
68 GND Ground Ground PERpl2  Receiver differential RXDP, Lane 12
69 GND Ground Ground PERnl2  pair, Lane 12 RXDN, Lane 12
70 PETpl3 Transmitter differential TXDP, Lane 13 GND Ground Ground
71 PETnl13 pair, Lane 13 TXDN, Lane 13  GND Ground Ground
72 GND Ground Ground PERp13  Receiver differential RXDP, Lane 13
73 GND Ground Ground PERn13 pair, Lane 13 RXDN, Lane 13
74 PETpl4  Transmitter differential TXDP, Lane 14 GND Ground Ground
75 PETnl4 pair, Lane 14 TXDN, Lane 14  GND Ground Ground
76 GND Ground Ground PERpl4  Receiver differential RXDP, Lane 14
77 GND Ground Ground PERnl4  pair, Lane 14 RXDN, Lane 14
78 PETplS Transmitter differential TXDP, Lane 15 GND Ground Ground
79 PETnl5 pair, Lane 15 TXDN, Lane 15 GND Ground Ground
80 GND Ground Ground PERpl5  Receiver differential RXDP, Lane 15
81 PRSNT2# Hot-Plug presence Optional PERnl5  pair, Lane 15 RXDN, Lane 15
detect
82 RSVD Reserved Reserved GND Ground Ground
End of the x16 connector
Common to the mapping of the various sized connectorsis 45 by a PCle cable 30. Again, the cable 30 couples using the

the repurposing ofthe PCle, PETp, PETn, PERp, and PERn to
the data lanes of the M-PHY protocol. While only the PCle
mapping has been shown, it should be understood that similar
repurposing can be performed for other PCI standards.

FIG. 6 illustrates a schematic diagram of an exemplary
direct coupling 90 using PCle to connect two M-PHY
devices. In particular, the upstream subsystem or system
board 44 is coupled to the downstream subsystem or add-in
card 46 through the mated connector 16. The M-PHY signals
are shown passing over their respective PCle pins (e.g.,
TXDP goes out from system board 44 over PETp pin, TXDN
goes out over PETn pin, RXDP is received over the PERp pin
and RXDN is received over the PERn pin). While only a
single data lane is shown, it should be appreciated that with
use of an x8 or x16 connector, more data lanes may be used
with similarly repurposed pins.

FIG. 7 is a schematic diagram of an exemplary coupling 95
of two M-PHY devices 44, 46, but whereas in FIG. 6 there
was a direct connection, in this example, they are connected
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mated connectors 16A, 16B described above with reference
to FIG. 1B and the PETp, PETn, PERp, and PERn pins have
been repurposed to carry the TXDP, TXDN, RXDP, and
RXDN signals as previously explained. Note that while
FIGS. 6 and 7 have omitted the capacitors 20, 28, they may be
included if desired. It should be noted that PCle PHYs are
designed to support connectors and cables. M-PHY is opti-
mized for short interconnect distances (e.g., <10 cm, but
extendable up to 1 m with good quality interconnect). Using
PCle connectors and cables may increase differential inser-
tion loss and reduce signal integrity. However, attention to
cable length and quality ensures that the M-PHY signal
requirements are met.

While the above discussion has focused primarily on PCle
3.0, other PCI standards are explicitly contemplated. Use of
these alternate standards such as PCle mini card connector
may depend on the space constraints of the devices which are
being coupled or other considerations. TABLE 3 below pro-
vides a pin map for a PCle mini card connector.
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TABLE 3
Exemplary PCle Mini Card Connector Pin Mapping to M-PHY
PCle M-PHY Usage PCle PCle M-PHY Usage
Pin PCle PCle (at “System Pin PCle Pin (at “System
Num Pin Name Pin Description Board”) Num Pin Name Description Board”)
End of the 76-pin connector
75 GND Ground Ground 76 MLDIR DisplayPort Optional
data interface
direction
73 MLOp DisplayPort main Optional: TX or 74 GND Ground Ground
71 MLOn link, pair O RX lane 72 GND Ground Ground
69 GND Ground Ground 70 MLIp DisplayPort Optional: TX or
67 GND Ground Ground 68 MLI1n main link, pair 1~ RX lane
65 ML2p DisplayPort main Optional: TX or 66 GND Ground Ground
63 ML2n link, pair 2 RX lane 64 GND Ground Ground
61 GND Ground Ground 62 ML3p DisplayPort Optional: TX or
59 GND Ground Ground 60 ML3n main link, pair3  RX lane
57 AUXp DisplayPort Optional: TX or 58 GND Ground Ground
55 AUXn auxiliary channel RX lane 56 GND Ground Ground
53 DMC# Display-Mini Card ~ Optional 54 HPD DisplayPort Hot ~ Optional
present Plug Detect
Mechanical Key/End of the 52-pin connector
51 W_DISABLE2# Wireless Disable Optional 52 +3.3Vaux 3.3V aux power Optional
#2
49 Reserved Reserved Reserved 50 GND Ground Ground
47 Reserved Reserved 48 +1.5V 1.5V power Optional
45  Reserved Reserved 46 LED_ WPAN# LED indicators Optional
43 GND Ground Ground 44 LED_WLAN#
41  +3.3Vaux 3.3V aux power Optional 42 LED_ WWAN#
39 +3.3Vaux 3.3V aux power 40 GND Ground Ground
37 GND Ground Ground 38 USB_D+ USB2.0 Optional
35 GND Ground Ground 36 USB_D- differential pair
33 PETpO Transmitter TXDP, Lane 0 34 GND Ground Ground
31 PETn0 differential pair, TXDN, Lane 0 32 SMB__DATA SMBus data Optional
Lane 0
29 GND Ground Ground 30 SMB_ CLK SMBus clock
27 GND Ground Ground 28 +1.5V 1.5V power
25 PERpO Receiver RXDP, Lane 0 26 GND Ground Ground
23 PERnO differential pair, RXDN, Lane 0 24 +3.3Vaux 3.3V aux power Optional
Lane 0
21 GND Ground Ground 22 PERST# Functional reset
19 UIM_IC_DP Inter-chip USB Optional 20 W_DISABLEl# Wireless
data lines Disable #1
17 UIM_IC_DM 18 GND Ground Ground
Mechanical Key
15 GND Ground Ground 16 UIM_SPU UIM SPU Optional
13 REFCLK+ Reference clock Optional 14 UIM_RESET UIM reset
11 REFCLK- 12 UIM_CLK UIM clock
9 GND Ground Ground 10 UIM_DATA UIM data
7 CLKREQ# Reference clock Optional 8 UIM_PWR UIM power
request
5 COEX2 Wireless 6 1.5V 1.5V power Optional
coexistence #2
3 COEX1 Wireless 4 GND Ground Ground
coexistence #2
1 WAKE# Signal for Link 2 3.3Vaux 3.3V aux power Optional
reactivation
55

The repurposing of the mini card connector allows M-PHY
Type I or Type Il to be used. If the mini card has 52 pins, then
a single TX and RX lane are possible. If the mini card has 76
pins, and display port features are not used, up to five addi-
tional TX or RX lanes can be supported as noted by the
“optional: TX or RX lane” designation in TABLE 3. 1.5V
power is available at pins 6, 28, and 48. Likewise, 3.3 V
auxiliary power is available at pins 2, 24, 39, 41, and 52. If
insertion detection is needed at the system board, the provi-
sion of power of at least one voltage level may be used to
detect insertion. If insertion detection is needed on the add-in
card, then a pin marked as optional, which is otherwise

unused (e.g., pin 54 in a 76 pin connector) may be connected
to a pin with a known potential (e.g., one of GND or 1.5V
power or 3.3V power). In practice, on mating, the system
board detects that the specific pin is chosen and set to a known
potential. This indicates that the add-in card has been con-
nected. The add-in card merely detects if it is receiving power
via the power pins to detect insertion. Pins 11 and 13 support
a shared clock if desired.

Instead of a PCle mini card connector, a PCI express exter-
nal cabling arrangement may also be used. The mapping of an
x1 connector for such arrangement is presented in TABLE 4
below.
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Exemplary PCI Express External Cabling-M-PHY Mapping

PCle

Pin PCle PCle

Num Signal Signal Description M-PHY Usage

Al PERNO Receiver differential pair RXDP

A2 PERpO RXDN

A3 RSVD Reserved (no wire) Reserved

A4 SB_RTIN Signal return for sideband signals Optional

AS CREFCLKn Reference clock

A6 CREFCLKp

A7 PWR_RTN Return for +3.3 V power (no wire)

A8 CPERST# Cable platform reset

A9 GND Ground reference, transmitter lane Ground reference, transmitter lane
B1 GND Ground reference, receiver lane Ground reference, receiver lane
B2 RSVD Reserved (no wire) Optional

B3 CWAKE# Power management wake signal

B4 CPRSNT#  Detect cable and downstream system

B3 GND Ground reference, reference clock Ground reference, reference clock
B6 PWR +3.3 V power (no wire) Optional

B7 CPWRON  Notify upstream system power valid

B8 PETnO Transmitter differential pair TXDP

B9 PETpO TXDN

Note that signals described as ‘no wire’ in TABLE 4 above
have no conductor inside the cable 30, meaning that they do
not actually go across the cable 30. This mapping arrange-
ment supports M-PHY Type I and Type II with a single TX
lane and a single RX lane. Unlike the previous examples, this
arrangement is not designed for power delivery. If insertion
detection is needed, the optional pins listed in TABLE 4 above
may be used. For example, the signal CPRSNT# at pin B4
may be used to detect the downstream. A shared clock can be
made available, supporting M-PHY Type I1. The shared clock
could be provided using one or both of pins A5 and A6. As
alluded to above, this can be extended to x4, x8, and x16
connectors and cables.

Another exemplary reuse of a PCl style connector includes
the use of an ExpressCard connector form factor. The
ExpressCard module is a small, modular add-in card based on
PCle and USB technologies. Two standard module form fac-
tors are defined: ExpressCard/34 and ExpressCard/54, both
using the same I/O schemes. The mapping of the pins is set
forth below in TABLE 5.

TABLE §

Exemplary ExpressCard-M-PHY Mapping

ExpressCard ExpressCard ExpressCard M-PHY
Pin Num  Signal Signal Description Usage
26 GND Ground Ground
25 PETpO/SSTX+ Transmitter differential pair TXDP
24 PETn0/SSTX- TXDN
23 GND Ground Ground
22 PERpO/SSRX+ Receiver differential pair RXDP
21 PERnO/SSRX- RXDN
20 GND Ground Ground
19 CREFCLKn Reference clock Optional
18 CREFCLKp
17 CPPE# PCle module detection Optional
16 CLKREQ# PCle clock request
15 +3.3V +3.3 power
14 +3.3V +3.3 power
13 PERST# PCle functional reset
12 +3.3VAUX +3.3 auxiliary power
11 WAKE# PCle wake signal
10 +1.5V +1.5 power
9 +1.5V +1.5 power
8 SMBDATA SMB data
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TABLE 5-continued

Exemplary ExpressCard-M-PHY Mapping

ExpressCard ExpressCard ExpressCard M-PHY
Pin Num  Signal Signal Description Usage

7 SMBCLK SMB clock
6 RESERVED Reserved Unconnected
5 USB3# USB3.0 interface detection ~ Optional
4 CPUSB# USB module detection
3 USBD+ USB2.0 data interface
2 USBD-
1 GND Ground Ground

The arrangement set forth in TABLE 5 supports M-PHY
Type 1 and Type Il with a single TX lane and a single RX lane.
Power may be supplied at 1.5V power using pins 9 and 10.
Power may be supplied at 3.3V power using pins 14 and 15,
and power may be supplied at 3.3V auxiliary power using pin
12. If insertion detection is desired, a pin marked as optional
may be repurposed to provide a known voltage signal
detected as described above. A shared clock can be supplied
for M-PHY Type II using one or both of pins 18 and 19.

While the present disclosure has focused on repurposing
particular pins from the PCI standard to M-PHY usage, it
should be noted that any pins on the PCI-based connector can
be repurposed to carry the transmitter and receiver differen-
tial pair. As a matter of design choice, it makes more sense to
repurpose the transmitter and receiver differential pairs from
the PCI-based connector to act as transmitter and receiver
differential pairs under the M-PHY usage. Likewise, in many
instances it makes sense to preserve the purpose of the PCI-
based pins in the M-PHY usage. For example, it makes sense
to preserve a ground connection as a ground connection.
Likewise, pins that are designated as power pins under the
PCl-based system may be preserved as power pins in the
M-PHY system. Such preservation of pin functionality pro-
motes interoperability and allows designers familiar with one
system to adapt readily to pin layouts in the repurposed sys-
tem.

It should be appreciated that the organization (PCI-SIG)
that promulgates the PCI standard provides updates to the
standard as technology evolves. For example, while not final-
ized, there are current plans codenamed PCI-NGFF (PCI-
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Next Generation Form Factor) for the next generation of form
factor to be used for Mobile Add-In cards. PCI-NGFF is
described as a natural transition from the Mini Card and the
Half Mini Card to a smaller form factor in both size and
volume. However, this next generation connector still defines
many of the same data paths and pin layouts. The present
disclosure is also applicable to such prospective PCI-based
form factors. Accordingly, as used herein “PCl-based”
includes all current and future form factors defined by PCI-
SIG for the family of standards based on the peripheral com-
ponent interconnect concept.

The operation of the M-PHY communications protocol
over a PCI interface and related devices, systems, and meth-
ods, according to embodiments disclosed herein, may be
provided in or integrated into any processor-based device.
Examples, without limitation, include a set top box, an enter-
tainment unit, a navigation device, a communications device,
a fixed location data unit, a mobile location data unit, amobile
phone, a cellular phone or smart phone, a computer, a portable
computer, a desktop computer, a personal digital assistant
(PDA), a monitor, a computer monitor, a television, a tuner, a
radio, a satellite radio, a music player, a digital music player,
aportable music player, a digital video player, a video player,
adigital video disc (DVD) player, and a portable digital video
player.

In this regard, FIG. 8 illustrates an example of a processor-
based system 170 that can employ the connector socket 32
illustrated in FIG. 1C (or other PCI compliant plug or recep-
tacle), with the mapping of FIG. 2 (in any of the configura-
tions set forth above or other comparable configurations tai-
lored to a different plug or receptacle) applied thereto. A
controller 200 interoperates with the lane management mod-
ule 62A as illustrated. In this example, the processor-based
system 170 includes one or more central processing units
(CPUs) 172, each including one or more processors 174. The
CPU(s) 172 may be a master device. The CPU(s) 172 may
have cache memory 176 coupled to the processor(s) 174 for
rapid access to temporarily stored data. The CPU(s) 172 is
coupled to a system bus 180 and can intercouple master
devices and slave devices included in the processor-based
system 170. The system bus 180 may be a bus interconnect.
As is well known, the CPU(s) 172 communicates with these
other devices by exchanging address, control, and data infor-
mation over the system bus 180. For example, the CPU(s) 172
can communicate bus transaction requests to the memory
controller 168(N) as an example of a slave device. Although
not illustrated in FIG. 8, multiple system buses 180 could be
provided, wherein each system bus 180 constitutes a different
fabric.

Other master and slave devices can be connected to the
system bus 180. As illustrated in FIG. 8, these devices can
include a memory system 182, one or more input devices 184,
one or more output devices 186, one or more network inter-
face devices 188, and one or more display controllers 190, as
examples. The input device(s) 184 can include any type of
input device, including but not limited to input keys, switches,
voice processors, etc. The output device(s) 186 can include
any type of output device, including but not limited to audio,
video, other visual indicators, etc. The network interface
device(s) 188 can be any devices configured to allow
exchange of'data to and from a network 192. The network 192
can be any type of network, including but not limited to a
wired or wireless network, private or public network, a local
area network (LAN), a wide local area network (WL AN), and
the Internet. The network interface device(s) 188 can be con-
figured to support any type of communication protocol
desired. The memory system 182 can include one or more
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memory units 193(0-N). The arbiter may be provided
between the system bus 180 and master and slave devices
coupled to the system bus 180, such as, for example, the
memory units 193(0-N) provided in the memory system 182.

The CPU(s) 172 may also be configured to access the
display controller(s) 190 over the system bus 180 to control
information sent to one or more displays 194. The display
controller(s) 190 sends information to the display(s) 194 to be
displayed via one or more video processors 196, which pro-
cess the information to be displayed into a format suitable for
the display(s) 194. The display(s) 194 can include any type of
display, including but not limited to a cathode ray tube (CRT),
a liquid crystal display (LCD), a plasma display, etc.

The CPU(s) 172 and the display controller(s) 190 may act
as master devices to make memory access requests to an
arbiter over the system bus 180. Different threads within the
CPU(s) 172 and the display controller(s) 190 may make
requests to the arbiter.

Those of skill in the art would further appreciate that the
various illustrative logical blocks, modules, circuits, and
algorithms described in connection with the embodiments
disclosed herein may be implemented as electronic hardware,
instructions stored in memory or in another computer-read-
able medium and executed by a processor or other processing
device, or combinations of both. The arbiters, master devices,
and slave devices described herein may be employed in any
circuit, hardware component, integrated circuit (IC), or IC
chip, as examples. Memory disclosed herein may be any type
and size of memory and may be configured to store any type
of information desired. To clearly illustrate this interchange-
ability, various illustrative components, blocks, modules, cir-
cuits, and steps have been described above generally in terms
of'their functionality. How such functionality is implemented
depends upon the particular application, design choices, and/
or design constraints imposed on the overall system. Skilled
artisans may implement the described functionality in vary-
ing ways for each particular application, but such implemen-
tation decisions should not be interpreted as causing a depar-
ture from the scope of the present disclosure.

The various illustrative logical blocks, modules, and cir-
cuits described in connection with the embodiments dis-
closed herein may be implemented or performed with a pro-
cessor, a DSP, an Application Specific Integrated Circuit
(ASIC), an FPGA or other programmable logic device, dis-
crete gate or transistor logic, discrete hardware components,
or any combination thereof designed to perform the functions
described herein. A processor may be a microprocessor, but in
the alternative, the processor may be any conventional pro-
cessor, controller, microcontroller, or state machine. A pro-
cessor may also be implemented as a combination of com-
puting devices, e.g., a combination of a DSP and a
microprocessor, a plurality of microprocessors, one or more
microprocessors in conjunction with a DSP core, or any other
such configuration.

The embodiments disclosed herein may be embodied in
hardware and in instructions that are stored in hardware, and
may reside, for example, in Random Access Memory (RAM),
flash memory, Read Only Memory (ROM), Electrically Pro-
grammable ROM (EPROM)), Electrically Erasable Program-
mable ROM (EEPROM), registers, hard disk, a removable
disk, a CD-ROM, or any other form of computer readable
medium known in the art. An exemplary storage medium is
coupled to the processor such that the processor can read
information from, and write information to, the storage
medium. In the alternative, the storage medium may be inte-
gral to the processor. The processor and the storage medium
may reside in an ASIC. The ASIC may reside in a remote
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station. In the alternative, the processor and the storage
medium may reside as discrete components in a remote sta-
tion, base station, or server.

It is also noted that the operational steps described in any of
the exemplary embodiments herein are described to provide
examples and discussion. The operations described may be
performed in numerous different sequences other than the
illustrated sequences. Furthermore, operations described in a
single operational step may actually be performed in a num-
ber of different steps. Additionally, one or more operational
steps discussed in the exemplary embodiments may be com-
bined. It is to be understood that the operational steps illus-
trated in the flow chart diagrams may be subject to numerous
different modifications as will be readily apparent to one of
skill in the art. Those of skill in the art would also understand
that information and signals may be represented using any of
a variety of different technologies and techniques. For
example, data, instructions, commands, information, signals,
bits, symbols, and chips that may be referenced throughout
the above description may be represented by voltages, cur-
rents, electromagnetic waves, magnetic fields or particles,
optical fields or particles, or any combination thereof

The previous description of the disclosure is provided to
enable any person skilled in the art to make or use the disclo-
sure. Various modifications to the disclosure will be readily
apparent to those skilled in the art, and the generic principles
defined herein may be applied to other variations without
departing from the spirit or scope of the disclosure. Thus, the
disclosure is not intended to be limited to the examples and
designs described herein, but is to be accorded the widest
scope consistent with the principles and novel features dis-
closed herein.

What is claimed is:

1. An electronic device configured to operate using a
M-PHY standard, comprising:

acommunications interface having a plurality of data paths

conforming to the M-PHY standard; and

a PCI-based connector having a plurality of pins, compris-

ing:

a PETp pin electrically coupled to a M-PHY TXDP data
path of the communications interface;

a PETn pin electrically coupled to a M-PHY TXDN data
path of the communications interface;

a PERp pin electrically coupled to a M-PHY RXDP data
path of the communications interface; and

aPERnpin electrically coupled to a M-PHY RXDN data
path of the communications interface.

2. The device of claim 1, wherein other pins of the plurality
of pins are configured to allow insertion detection.

3. The device of claim 1, wherein other pins of the plurality
of pins are configured to provide power therethrough.

4. The device of claim 1, wherein other pins of the plurality
of pins are configured to provide an additional data channel
therethrough.

5. The device of claim 1, wherein the PCI-based connector
conforms to a PCle 3.0 standard.

6. The device of claim 1, wherein the PCI-based connector
comprises an element selected from the group consisting of:
a plug, a socket, and a plug with a cable.

7. The device of claim 1 integrated into a semiconductor
die.

8. The device of claim 1, further comprising a device
selected from the group consisting of: a set top box, an enter-
tainment unit, a navigation device, a communications device,
a fixed location data unit, a mobile location data unit, amobile
phone, a cellular phone, a computer, a portable computer, a
desktop computer, a personal digital assistant (PDA), a moni-
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tor, a computer monitor, a television, a tuner, a radio, a satel-
lite radio, a music player, a digital music player, a portable
music player, a digital video player, a video player, a digital
video disc (DVD) player, and a portable digital video player,
into which the electronic device is integrated.

9. An electronic device configured to operate using a
M-PHY standard, comprising:

means for interfacing the electronic device to another

device, the interfacing means having a plurality of data

paths conforming to the M-PHY standard; and

a PCl-based connecting means for connecting the interfac-

ing means to another device, the PCI-based connecting

means having a plurality of pins comprising:

aPETp pin electrically coupled to a M-PHY TXDP data
path of the means for interfacing;

a PETn pin electrically coupled to a M-PHY TXDN data
path of the means for interfacing;

a PERp pin electrically coupled to a M-PHY RXDP data
path of the means for interfacing; and

aPERnpin electrically coupled to a M-PHY RXDN data
path of the means for interfacing.

10. The device of claim 9, wherein the interfacing means
comprises a communications interface.

11. The device of claim 9, wherein the PCI connecting
means comprises a PCl-based connector.

12. The device of claim 9, wherein the PCI connecting
means comprises a PCle connector.

13. A method of connecting an electronic device config-
ured to operate using a M-PHY standard to a second device,
comprising:

providing a plurality of data paths conforming to the

M-PHY standard;

providing a PCI-based connector having a plurality of pins;

electrically coupling a PETp pin to a M-PHY TXDP data

path;

electrically coupling a PETn pin to a M-PHY TXDN data

path;

electrically coupling a PERp pin to a M-PHY RXDP data

path; and

electrically coupling a PERn pin to a M-PHY RXDN data

path.

14. The method of claim 13, wherein providing the PCI-
based connector comprises providing a PCI connector con-
forming to a PCle 3.0 protocol.

15. The method of claim 13, wherein providing a PCI-
based connector comprises providing at least one of a plug, a
socket, and a plug with a cable.

16. The method of claim 13, wherein providing the PCI-
based connector comprises providing a PCI-based connector
conforming to the PCI Express Mini Card connector protocol.

17. The method of claim 13, wherein providing the PCI-
based connector comprises providing a PCI-based connector
conforming to the PCI express external cabling protocol.

18. An electronic device configured to operate using a
M-PHY standard, comprising:

acommunications interface having a plurality of data paths

conforming to the M-PHY standard; and

a PCl-based connector having at least four pins, compris-

ing:

a first two pins configured to couple electrically to a
M-PHY transmission data path of the communica-
tions interface; and

a second two pins configured to couple electrically to a
M-PHY receive data path of the communications
interface.
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19. The electronic device of claim 18, wherein the PCI-
based connector preserves ground connections from the PCI
format to the M-PHY format.
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